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DEVELOPMENT OF PILE TYPE, HIGH DISCHARGE RATE,
NICKEL-CADMIUM- SQUIB BATTERIES

by
§. Charlip

ABSTRACT

The object of this report is to summarize the work and results
accomplished during the past quarter in a program directed toward
the design and development of a pile type, nickel cadmium, squib
battery.

Cells with 2 square inches of active area were constructed and
subjected to 10 ampere pulse discharges. The resultant voltage fell
below 1.0 volts per cell., Previously cells with 4 square inches of
active area gave 1 volt at 20 amperes,

Several intermediate sizes of cells with electrode areas of
2,40, 2,76, and 3.14 square inches were constructed and tested, It
was found that there is no linear relationship between current den-
sity and voltage, The larger plates showed little improvement in
voltage, The 2.76 square inch plate appears to be the minimal
electrode required, based on cell data only, Cells were pulsed for
20 milliseconds to determine the presence and effects of concentra-
tion polarization and activation polarization on positive and
negative electrodes respectively,

A five cell battery (of 2 square inch electrodes) was assembled
and tested., Sealing problems were encountered during the battery
assembly, .
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INTRODUCTION

During the first quarter, efforts were directed to project
organization, engineering analysis of design parameters, and the
development of sintering and impregnation techniques for bipolar
plates,

Sintering and impregnation problems, uniquely associated with
bipolar plates, were overcome, and techniques for sintering and im-
pregnating circular electrodes were developed. These differed con-
siderably from the techniques employed in the manufacture of any
conventional electrodes,

The objectives are: the development of a bipolar battery capable
of yielding a pulse of 10 amperes for 1 second above 5 volts with a
minimum capacity of 150 mAh, within a cylindrical envelope of
3 cubic inches (less terminal hardware).

Several cells with active sinter areas of 4 square inches
(2% inch dia,) were constructed and tested in an open beaker for
capacity and pulse discharge, The results indicated that the cells
are capable of higher capacities than required. The test results
were reported in the First Quarterly Report.

The 4 square inch plates, when manufactured into a bipolar bat-
tery, would have bordered on the limit of the allowable space and
would have exceeded that limit after the module was encapsulated.
Several intermediate plate sizes were constructed and tested for
capacity and pulse discharge, Plates with 2 square inches of active
area (1-5/8 inch dia,) were constructed first., This size was con-
sidered the smallest theoretically capable of meeting the discharge
requirements., Several cells were built and tested, including a 5 cell
module,

Intermediate size plates between 1-5/8 and 2-1/4 inches in diameter
were also constructed and tested, The results of these tests and their
meaning are discussed iIn this report,



TECHNICAL DISCUSSION

The data given in the First Quarterly Report, based on single
cell, discharges, indicated that a battery consisting of 5 cells with
4 in” active area was capable of sustaining a 20 ampere discharge
while maintaining a voltage on or above 1,0 volt per cell, Since
a battery with this area would have a volume greater than 3.00 in
w?en completely encapsulated, it was necessary to go to a smaller
size,

It would seem logical that if the area and the current were
reduced by half, the current density would remain constant and, there-
fore, the cell voltage would also remain constant, The first step
was to reduce the area to 2 in? (a circular plate of 1-5/8 in, dia,
of active area), The results obtained were not those anticipated,
Therefore, three other sizes were prepared, increasing the diameter
by 1/8 inch in each case,

Test Procedure

Two types of test procedures were used to evaluate the current-
voltage relationship, The first procedure used was described in the
First Quarterly Report and consisted of the actual pulse discharge
of 10 amperes for 1 second, In this case, the cell or battery under
test was backed up by a high capacity (35 Ah) battery of 28 volts
to sustain a constant current regardless of the voltage changes in
the test cell,

The second type of test consists of a pulse discharge of
20 milliseconds duration through a fixed load. The advantage in
this type of testing lies in the fact that the test cell is supply-
ing the energy and not acting as a resistor during a forced discharge.
In some cases there has been a discrepancy between the two methods,
As a check of the first method, a series of pulse discharges were
conducted using the second method, For a better understanding of the
problems of current density and electrode area, reference electrodes
were used with the fixed load pulses, The test cell was made up of
two end plates (sintered on one side only) with nickel tabs spot-
welded to the outside (bare) end of the cell, A 7 mil separator,
of a nonwoven nylon, was placed between the plates, and the cell
was clamped between two plastic blocks, The assembly was then
immersed in a beaker containing a 347 solution of KOH. The nickel
tabs protruded above the electrolyte and were connected to the test

equipment,

Figure 1 shows a schematic diagram of a circuit for pulse dis~
charges, The key element in the circuit is the switch (sW)., In
order to obtain a good contact for a short duration of time, a rotary
switch was made. A diagram of this switch is shown in Figure 2,

The switch is driven by a 27 RPM motor having adjustable contacts
controlled by spring tension, The contact time can be setby ad;ugt-v
ing the angle of the contact arm and the spring tension. The loa
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bank ("L") is adjusted to vary the discharge conditions, and the
shunt ("S") measures the current flowing in the circuit,

The instrumentation employed measures the current flowing through
X-X, The terminal load was measured prior to discharge using a
Mueller Bridge, From the above data, cell or battery voltage was
calculated, Alternately, battery voltage may be measured across the
terminals and the reading used to calculate current, To avoid the
effects of distributed load and terminal resistance of the battery,
voltage and current were not measured simultaneously,
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SUMMARY OF TEST RESULTS AND CONCLUSIONS

Two end plates and four bipolar (middle) plates (1-5/8 inch dia,),
2 in“ of sinter area, were impregnated according to the procedure set
forth in the First Quarterly Report, The weight gain of the positive
electrodes averaged 0,7 gram, equivalent to a theoretical capacity of
202 mAh, With a utilization coefficient of 80% at the C rate, this
is equal to 162 mAh, The negative electrodes gained an average of
0.9 gram, and at a 507 utilization, this is equivalent to 169 mAh., The
requirements call for 150 mAh, '

After formation cycling and capacity determination, the end plates
- were assembled into .a flooded cell, The cell was charged at 15 mA for
16 hours and pulsed at 10 amperes (forced discharge) with the voltage
‘being recorded on a Brush Recorder Mark II, Figure 3A and Figure 3B
show the results of the first and second pulses respectively, Sub-
sequent tests gave the same results--the cell voltage fell just below
1.0 volts at the end of discharge, This is below the expected values
based on the results obtained with the 4 in? electrodes,

The two end plate (2 inz) electrodes were fully discharged and
disassembled from the cell, They were washed to remove all KOH and
dried, A nickel tab was spotwelded on each electrode and the cell
reassembled, It was charged (in a beaker) at 15 mA for 16 hours
and then pulsed at fixed loads using an oscilloscope and camera to
record the current, The results are shown in Figure 4. Calculating
the voltage drops at these currents, | the resulting cell voltage
was plotted on a graph, shown in Figure 5, A cell voltage of 1,28
volts is assumed at zero current, as this is the normal open circuit
voltage of a nickel-cadmium cell, The results show that at 10 amperes
a cell voltage of 0,98 volts can be expected, This agrees with the
forced discharge results,

To gain some insight into the problem, a series of pulses were
made using a Hg/Hg0 reference electrode, The traces are shown in
Figure 6, The results show that the negative electrode is highly
polarized (AV = 0,66) at the beginning, but recovers about 0.l
volt during the first 8 milliseconds. The positive electrode only
drops 0.25 volt after 1 millisecond, but continues to decrease with
time at a rate greater than the negative increases, resulting in a
steady decrease of voltage with time, During the same time period,
~ shown in Figure 4b, there is very little change in curreant. It
should be noted that these tests are at comtant load, not necessarily
constant current, as are the forced discharge tests, It is postulated
that both electrodes suffer from activation polarization, the negative
more than the positive, However, the positive electrode is greatly
susceptable to concentration polarization as indicated by the increase
with time. To rule out the possibility of a "state of charge" effect,
three pulses were performed at 1 minute intervals without recharging.
These traces are shown in Figure 6d and are almost superimposed one
on another., There is no change in the rate of decay with state of charge,
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The next three larger cell sizes were tested using only the
forced discharge method at constant current, The results are shown
in Figures 7, 8, and 9. These indicate that the 2.76 in? (1-7/8 dia,)
area electrodes are minimal for one pulse, There is some increase
in voltage as the area is increased from 2,07 to 2,40, and again to
2,76, However, there is a larger jump in performance data for the
3.14 in? area electrodes shown in Figure 9, There appears to be a
discontinuity since the area increase in each case is approximately
the same ratio of 1.,15:1, The capacities to area of electrode in
each case were kept approximately equal for all 4 sizes,

Battery Discharge

A five cell battery was assembled from the 1-5/8 diameter elec-
trodes (2 inz), with a separator of 7 mil non-woven nylon. Sealing
the cells was found to be difficult, For this test, therefore,
the battery was assembled in a different manner, The electrode flanges
were coated with a sealant ( of liquid neoprene) and "0" rings placed
between each bipolar plate, The battery was assembled by stacking
the plates on top of each other as follows, The electrolyte was
added to the sinter, then the separator was placed over the sinter
and more electrolyte added. The next bipolar plate was placed on
top and the procedure repeated until the end plate was assembled,

The battery was clamped between blocks of 1/2 inch thick Tucite and
fastened with machine screws around the periphery,., A photograph of
the battery is shown in Figure 10,

The battery was charged at 10 mA for 27-1/2 hours, with individual
cells being monitored, Figure 11 shows the average cell voltage
and the spread in cell voltages during the charge, The battery was
placed on open circuit with all cell voltages monitored at 1,38 volts,
It was then discharged at 100 mA as shown in the right hand side of
Figure 11, This figure gives average cell voltages including volt-
age spread of each cell (battery voltage is five times the average
cell voltage). The center cell fell to 0,18 volt after 55 minutes of
discharge, although all other cells were at 1.20 volts, After the
discharge, the battery was disassembled, the electrodes washed and

~dried, and reassembled changing the position of the bipolar electrodes.

The resultant voltage readings were the same. The center electrode
failed first, as before,

A careful study of the situation revealed that the center cell
was not sealing and, therefore, losing electrolyte during overcharge;
due to the compression method used, the gas pressure during overcharge
was forcing electrolyte out, The cell was reassembled using Kel-F
grease on the "0" rings. The cell was placed on charge and discharged
at the 100 mA rate., All cell voltages were uniform with no visible
leaks from the cells, The battery was pulsed at 10 amperes and the

voltage recorded on the Brush Recorder Mark II. The results obtained (Fig., 12)

are almost identical with those shown in Figure 3, The correlation
between the 5 cell battery and the single cell of Figure 3 was made

by dividing the battery voltage by 5.

-11-
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FIGURE 10,

FIVE CELL BATTERY WITH 2 IN? OF
SINTER AREA
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PULSE DISCHARGE FOR A 5 CELL BIPOLAR BATTERY
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DISCUSSION OF RESULTS AND CONCLUSIONS

From the data obtained to date, it appears‘fhat the minimal
plate size most likely to meet the discharge requirements has the
1-7/8" diameter sinter (2.76 in2),

The plate has a capacity of approximately 200 mAh, at the 10 hour
rate, The reduced voltage at the 10 ampere pulse discharge is pri-
marily due to concentration polarization at the positxve electrode,
as evidenced by the oscilloscope traces,

Additional discharges will be conducted to determine the behavior
of the 1-7/8 inch diameter electrodes in a five cell battery. Should
the voltage fail to meet the 5 volts minlmum, the plate with the
2 inch diameter will be used,

From the tests conducted with the 5 cell batteries, it appears
that sealing will be a major problem in battery construction, It
is presently contemplated to seal the individual cells using neoprene
gaskets or "0'" rings, then enveloping the 5 cell stack in an encap-
sulating compound, :

Threaded terminals will be metallurgically bonded to the center
of each end plate, with sufficient length protruding beyond the com-
pound,

The progress of this work and the test results W111 be discussed
in the next report,

~18~



WORK PLANNED

TASK II

1, Evaluate the effects of concentration and activation polarization
and determine minimum plate area for a five cell squib battery,

2, Test and evaluate various separators,

3. Determine the amount of electrolyte and required compression on
the wet separator, O

4, Establish method for introducing electrolyte into the cell,

5. Test materials and techniques for sealing cells;

6. Evaluate potting compounds and methods for encapsulating five
cell batteries,

TASK III

1;‘.Fabricate, test, and evaluate performance of 5 cell battery.

2; Determine charging rates and overcharge capabilities,

3: Build 10 batteries,

- =19-
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